Résumé -Nous présentons des spectres d'absorption infrarouge du polyacétylene pur et dopé avec F, Cl, Br et I dans le domaine spectral de 0,125 jusqu'à 1,05 ev. Après le dopage, on observe des bandes qui ne s'accordent pas quantitativement avec le modèle de solitons. De plus, nous rapportons des bandes métastables et très étroites de 0,55 à 0 3 95 eV, qui dépendent de la valeur de la conductivité électrique.
Abstract -The IR absorbance of undoped and weakly F, CI, Br and I doped polyacetylene was measured in the spectral region from 0.125 to 1.05 eV. Doping induced absorption bands are observed which are not in quantitative agreement with existing soliton theory in terms of band position and magnitude of absorption. In addition we find very narrow metastable lines, in particular for doping with chlorine, at photon energies between 0.55 and 0.95 eV depending on the level of electrical conductivity.
The interest in the study of the physics of (CH) has been mainly determined by the proposal that the magnetic, electrical and optical properties are dominated by neutral and charged solitons /l/ v In particular the appearance of the infrared absorption bands at 0.17 eV and 0.11 eV and of the midgap absorption of 0.8-0.7 eV upon doping has been explained in terms of charged solitons /2/. Recently various authors have pointed out that impurity states would be created in the gap /3/ /4/ for dopants with strong impurity potentials and with weak local screening. Since the position of these states in the gap is extremely sensitive to the dopant potential it seemed to us worthwhile following up this question experimentally. We decided, therefore, to investigate the IR spectra of (CH) X weakly doped with F, CI Br and I, respectively, assuming that the different ionic radii and/or electron affinities of these species might be reflected in the strength of the impurity potential and thus give rise to characteristic changes of the IR spectra.
EXPERIMENTAL
The (CH) layers which we used for the measurements were either prepared with a Luttinger or a Ziegler-Natta catalyst. The isomerization was performed by heating the samples to 180° -200°C at a pressure of ^10~2 mbar. The degree of isomerization was controlled by successively taking IR spectra and was found to be complete for both types of material after about 3-5 minutes annealing at 180°C.
The samples were doped with iodine by exposing them to iodine vapour, the pressure of which was chosen to achieve the desired doping levels; it ranged between 10 and 10 mbar. For convenience of handling, the other dopants were produced in an RF gas discharge generated up-stream of the sample. The gases to produce the plasmas were CF 4 , CCl^ and CBr.. None of these gases gave rise to a change of the conductivity or of the IR-spectrum of (CH) X before the RF power was turned on. In
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1983354 the case of tile well in7~eStigated CF /5/ /6/ it is known that downstream of the RF discharge F, F2 and'C2F6 are faun$ in quantities of a few percent with respect to CF4. Hence the partial pressure of F and F2 was of the order of 10-1 mbar. We assume that for CC14 and CBr4 the analogous species are produced.
The IR-transmission data between 8500 cm and 1000 cm-I were measured with a Bruker Infrared Fourier Spectrometer and then transformed into absorbance and scaled to equal sample thickness. The data in the plots are thus practically identical with the absorption coefficient except that they could be shifted by A~= 4 0 -1 0 0 cm-I to lower values if the reflectivity of about 10% would have been taken into account.
RESULTS

Undoped (CH) -------------
The IR-spectra of the two differently prepared (CH)x films showed characteristic differences. About 2/3 of the Luttinger samples we investigated had a peak in absorption at 3 1 eV which shifted by 0.1 -0.2'eV to lower energies and increased in intensity upon isomerization (Fig. 1) . No peak was observable for the remainder of the Luttlnger samples irrespective of whether they were cis or trans. Cis Ziegler-Natta material showed a shoulder with a small maximum at 0.75 ev. Upon isomerization theshoulder shifted to lower energies (Fig. 1) . In addition, a second maximum in absorption at about 1 eV became visible. The position of the shoulders varied from sample to sample by as much as s 0.3 eV and shoulders at energies as low as 0.45 eV were observed in the trans isomer. 
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The IR-spectra were measured for trans (CH) at various doplng levels and at successlve intervals after having admitted the dopant. (The full details of this work and the correlation between electrical and optical properties and the dopant concentration wiil be presented elsewhere). In general, the absorption coefficient at a doping concentration of y lom2 for the various dopants and measured at a wavenumber of 6000 cm-' ( Z0.75 eV) are in the range between 500 cm-1 and 2000 cm-1. Our values for the absorption coefficient are smaller by a factor of 10 to 20 than those published in the literature for C104-and AsF6-/7/. The reason for this discrepancy is unknown. The spectra obtained with all dopants at low concentration are characterized by the emergence of the growth of a broad shoulder at 0.7 -0.8 eV for the Luttinger films which do not show a shoulder or peak in this region in the undoped state. For higher concentrations the absorption of the shoulder at 0.7 -0.8 eV steadily increases with increasing iodine concentration (Fig. 2) whereas in the case of the other dopants the shoulder shifts to lower energies without significant increase in absorption strength as shown in Fig. 3 for (CH)x doped with chlorine. This shift 1s not correlated with any anomalous increase of the electrical
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The concentrat~ons y above Z= 4.10-~ are Inaccurate, s~n c e the addltlon reactlon of chlorlne to the (CH),-chaln does not allow an accurate determinat~on of y. y = (c~~-)/(cH).
conductivity with doping concentration. The conductivity and the doping concentration at which the shift becomes observable are rather independent of the specific dopant and equal to about 6 = 5 S/cm and y = 5.10-3, respectively. If the absorption spectrum is measured at specific time intervals after admission of the dopant, then pronounced peaks with a halfwidth of a few meV form at the position of the shoulder acconpanied by a strong suppression of the absorption at higher energy. This is reproducibly observed with C12 as dopant 2-4 minutes after admission of the chlorine generated by the CC14 plasma (Fig. 4) . After 10-15 minutes the spectra relax to those shown in Fig. 3 . In the case of Br2, F2 and I2 the time scales and conditions for this change of the absorption spectrum are not yet well established although the same type of spectra as shown in Fig. 4 , spectrum @ have been repeatedly observed, particularly for Br2-doped (CH),, for which the pronounced peak and the suppression of the absorption at higher energies are metastable at certain doping levels even at room temperature. The position of the pronounced peak depends on the doping level and in the case of C12 is shifted from 0.95 eV ( C f = 8.10-5 S/cm) to 0.55 eV ( G = 5.5-10-~ S/cm) . At T = 80 K the spectrum, observed for chlorine doped (CH), only as a transient at room temperature, was found to be permanent with a small shift of the peak to lower energy by 0.025 eV. Our experiments showed that at the lowest doping concentrations and for all dopants investigated an extra absorption builds up with a maximum at 0.7-0.8 eV. At higher doping levels the observed shoulder shifts to lower energies with increasing doping level for all dopants except iodine. The absorption constant is about one order of magnitude smaller than that reported in the literature for comparable doping levels of C104-or AsF6-. Neither the position of the shoulder nor the value of the absorption constant are in quantitative agreement with the existing soliton theory which would position the peak of the extra absorption at midgap to 0.9 to 1. eV and require an absorption constant /8/ about a factor of 10 higher than that obtained experimentally. The magnitude of the absorption constant favours impurity absorption but one would have to assume equal strength of the impurity potential of all dopants. The explanation for the metastable states is not clear at present. The pronounced peaks indicate that the transitions must occur between well defined discrete electronic states. Our conjecture at present is that intercalation of the dopants may lead to thin hetero-structures of highly doped and undoped (CH),, giving rise to a restriction of the carrier motion and thus to a quantum size effect /9/ The details of this model as applied to (CH)x, however, have not been
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